INTRODUCTION
Mallet finger is a flexion deformity that results from injury to the extensor mechanism at the base of the distal phalanx. [1] [2] [3] It can involve either a bony avulsion injury of the distal phalanx or a rupture of the extensor tendon with no bony involvement. 1, 3 Injury often occurs with the force of hyperflexion of the distal interphalangeal joint as a result of a vertical load on the fingertip. 1 If not managed correctly, mallet finger injuries may progress to form a 'swan neck' deformity of the finger. 4, 5 This type of injuries are more common in men, with the middle finger of the dominant hand. 4, 5 Closed mallet finger injuries are treated full-time with an immobilization splint in the extension or slight hyperextension position for 6-8 weeks. [6] [7] [8] Doyle's classification is most commonly used for managing mallet finger deformities (Table 1) . 3, 8 Type I mallet finger injuries are observed in patients who have failed non-surgical treatment, and surgical management is recommended in type II, III, and IV injuries. 3, 5, 8 Many operative techniques have been recommended for mallet finger injuries with bone components, such as open reduction and Kirschner-wire (K-wire) fixation, tension band wire, pull-out steel wires, screw fixation, percutaneous pin fixation, percutaneous extension block pinning, percutaneous compression fixation pins, mini external fixators, bone anchor systems, and hook plate fixation. [1] [2] [3] [4] [5] However, there are no clearly established criteria for satisfactory results. 4, 5 Surgical treatment can also be performed in patients who have been neglected or who have not managed to fit the finger splint in mallet finger deformities that occurred because of a rupture of the extensor tendon from the distal phalanx insertion without a bone component. 2, 5, 8, 9 In this study, the clinical outcomes of patients who underwent the pull-out suture technique with extension block pinning versus micro-bone anchor fixation of non-osseous mallet finger injuries were compared. All the patients were considered to be eligible for surgical intervention because of the time elapsed since the injury, or the absence or ineffectiveness of the previous treatment. Radiographs were taken preoperatively and postoperatively. Patients were excluded from the study if they had pre-existing degenerative changes involving the distal interphalangeal (DIP) joint or mallet fracture of the distal phalanx or if they had previously been surgically treated for a mallet fracture.
The Quick Disabilities of the Arm, Shoulder, and Hand (Q-DASH) score, catastrophizing pain scale (PCS), visual analog scale (VAS) pain score, and time to return to work were assessed. 10,11 The Crawford's criteria were used to evaluate the functional results (excellent, good, fair, and poor). 12 The study was approved by the local institutional review board, and all patients provided informed consent.
Surgical technique

Pull-out suture surgical technique
The surgical procedure was performed under digital block anesthesia using a digital tourniquet. A dorsal Z-shaped incision was made at the distal interphalangeal (DIP) joint. The dissection was limited distally to avoid surgical trauma to the germinal matrix. The extensor tendon was exposed, and a Kessler mattress type suture with 4-0 polypropylene was passed from it. Two needles were then passed through the distal phalanx. Then, the suture was inserted through the needle, and the suture was pulled out. The polypropylene suture was passed through the distal phalanx in a dorsal to the palmar direction. Then the DIP joint was fixed with 1.0mm diameter K-wire. Finally, a knot was tied over the distal palmar phalanx (Fig. 1 ). The K-wire was removed in all patients 4-5 weeks after the procedure. Active and passive range of motion exercises were started immediately after removal of the K-wire. 
Anchor fixation surgical technique
The surgical procedure was performed under digital block anesthesia using a digital tourniquet. A dorsal Z-shaped incision was made at the distal interphalangeal (DIP) joint. The dissection was limited distally to avoid surgical trauma to the germinal matrix. The extensor tendon was exposed, and the anchor (1.8 mm in diameter and 3.2 mm in length) with its attached 4-0 polypropylene suture was tied onto the base of the distal phalanx. The accompanying 4-0 polypropylene was sutured to the terminal extensor tendon. Postoperatively, the finger was protected with an aluminum orthosis. At 4-5 weeks postoperatively, the use of orthosis was terminated and active, passive range of motion exercises was started (Fig. 2) . 
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics 21.0 (IBM, Armonk, NY, USA 
RESULTS
The characteristics of the patients and clinical outcomes are presented in Table 2 . According to Doyle classification, all lesions were of type I.
The splinting was unsuccessful in 10 patients (43.4%) in Group 1 and 13 patients (39.3%) in Group 2. Thirteen (56.6%) and twenty patients (60.7%) had not received any treatment in Group 1 and Group 2, respectively.
Nineteen patients (82.6%) had the disease in the dominant hand in Group 1 and sixteen patients (48.4%) in Group 2 (p = 0.412). The causes of injury in the study population were as follows: simple fall in 27 patients, home accident in 12 patients, work accident in 8 patients, door injury in 7 patients, and sports injury in 2 patients.
The mean time from injury to surgery was 28.1 days (range, 21-42 days) and 23.9 days (range, 12-43 days) in Group 1 and Group 2, respectively (p = 0.058). The mean duration of follow-up was 13.9 months (range, 7-26 months) and 11.5 months (range, 7-25 months) in Group 1 and Group 2, respectively (p = 0.271). The mean time for patients to return to daily activity was 6.6
weeks (range, 5-8 weeks) in Group 1 and 5.1 weeks (range, 4-8 weeks) in Group 2 (p = 0.0001).
The mean Q-DASH score at final follow-up was 6.2 (range, 4-12) in Group 1 and 7.8 (range, [4] [5] [6] [7] [8] [9] [10] [11] [12] in Group 2 (p = 0.008). The mean VAS score was 0.09 (range, 0-1) in Group 1 and 0.12 (range, 0-1) in Group 2 (p = 0.664). The mean PCS was 6 (range, 1-10) in Group 1 and 4.6 (range, 3-11) in Group 2 (p = 0.068) ( Table 3) . According to Crawford's evaluation criteria, 11 and 12 patients showed excellent and good results, respectively in Group 1, and 15 and 18 patients showed excellent and good results, respectively in Group 2 (p = 0.855).
Nail deformity developed in one patient in Group 1 and two patients in Group 2 (Fig. 3) . Radiographs showed moderate dorsal bony prominence in one patient in Group 1. Mild DIP joint degeneration was observed in two patients each in Group 1 and Group 2. Superficial incision site infection was observed in one patient in Group 2 which resolved with antibiotic therapy and wound care. Patients did not complain of pain after releasing the K-wire and immobilization. 
DISCUSSION
In this study, comparison of the surgical outcomes in non-osseous mallet finger injuries between the pull-out suture technique and micro-bone anchor fixation were evaluated. Although there were not significant differences in VAS, PCS, and Crawford classification between the groups, the Q-DASH score and the mean time to return to daily activities were significantly different between the two groups. Furthermore, in the degrees of DIP extensor lag and flexion arc between the groups was statistically significant.
Numerous conservative and surgical methods have been described for the treatment of mallet finger deformities. [1] [2] [3] [4] [5] [6] [7] The primary goal in all treatment methods is the restoration of the continuity of injured tendons with a stable DIP joint and complete, painless finger motion. 13 Although many studies have analyzed the role of various surgical methods in the treatment of mallet finger deformities, few studies have compared different methods, particularly as per Doyle's classification type I. 2, 8, 9 In some cases, an avulsion fracture occurs at the insertion of the extensor tendon on the distal phalanx, which is known as 'osseous mallet finger' injury.
14 It is generally agreed upon by most surgeons that if the avulsed fragment is larger than one-third of the articular surface, a surgical procedure is recommended, and numerous techniques have been described [5, 8] . According to Handoll and Vaghela, there is insufficient evidence to support surgical over nonsurgical treatment for bony mallet fingers. 14 However, Kalainov et al. 15 reported that closed and displaced mallet finger fractures with greater than one-third articular surface damage could be treated non-operatively with negligible pain and return of good function.
In other cases, the extensor tendon is ruptured from its insertion on the distal phalanx, which is known as 'non-osseous mallet finger' injury.
osseous mallet finger injuries, some authors consider splinting to be successful for up to several months post-injury. 6, 16 As with osseous mallet finger injuries, there is insufficient evidence to support surgical over the non-surgical treatment of non-osseous mallet finger injuries. 2, 5, 6, 8, 9, 14 There are some authors who have reported that successful results could be obtained with conservative treatment of type IVb and IVc mallet finger deformities, according to the Doyle classification as well as surgical treatment of type I. 2, 8, 9, 15 Nakamura et al. 9 used surgical procedures to treat type I and II Doyle classification mallet finger injuries to achieve early finger mobilization. They reported that 15 patients achieved 58° of DIP joint range of motion and 6° extension lag at the mean 1-year follow-up.
Ulusoy et al. 2 showed results of treatment in 19 patients with neglected mallet finger deformities; 11 cases were typed I and II according to Doyle classification, and 8 cases were type IV. The results were assessed at the mean duration of 16 months, average flexion was 74°, and functional results were considered very good in 14 and good in 5 cases according to Crawford criteria.
There are some disadvantages of mallet finger surgeries, such as difficulty in achieving earlier mobilization; the incidence of nail deformity, joint incongruity, skin necrosis, and infection; and limitation of flexion of the DIP joint. 4, 5, 14, 17, 18 Kang et al. 19 reported that postoperative complications of surgically treated mallet finger deformities developed in 41% of patients. In this study, postoperative complications developed in 17% in Group 1 and 15% in Group 2.
The limitations of this study include its mean extensor lag of the DIP joint and mean flexion arc of the DIP joint was measured by the same person who performs the surgery which was vulnerable to bias, leaving some doubt as to its value as an outcome measure. Thus, the main focus of our analysis has been with regarding the The Quick Disabilities of the Arm, Shoulder, and Hand (Q-DASH) score, pain catastrophizing scale (PCS), visual analogue scale (VAS) pain score, and time to return to work. Another limitation of this study is the short duration of follow-up. Longer-term follow-up with regards to the development of clinical and radio-graphical signs of arthritis would be of interest, and are unfortunately outside the scope of this study.
In conclusion, the pull-out suture technique with extension block pinning as well as micro-bone anchor fixation with orthosis are simple and effective methods with low rates of complications in the treatment of non-osseous mallet finger injuries. However, compared with the pull-out suture technique, micro-bone anchor fixation has given better results in terms of some clinical parameter.
